Sex differences on the effect of dose-dependent capsaicinoids on lipid metabolism were studied in rats. 24 rats of each sex were administered orally 0 mg/kg, 2.5 mg/kg, 5 mg/kg or 7.5 mg/kg capsaicinoids daily for 28 days. In male rats, body weight gained, and the levels of total lipids, total cholesterol and triglycerides in the liver were significantly decreased as the dose of capsaicinoids increased. On the other hand, plasma total cholesterol (TC), triglycerides (TG), HDL-and LDL-cholesterol concentration and liver weight were not affected by capsaicinoids. While in female rats, plasma TC, TG, HDL-C and LDL-C concentration, liver total lipids, TC and TG concentration were significantly decreased as the dose of capsaicinoids increased. The mRNA level of hepatic TRPV1, ileac ASBT and IBABP were increased as the dose of capsaicinoids increased in all rats groups. The mRNA level of hepatic HMG-CoA reductase, CYP7A1 and FXR were significantly decreased in female rats groups. These results show that the hypocholesterolemic effect of capsaicinoids in dose-dependent manner in rats was mediated by inhibited synthesis of endogenous cholesterol, female rats were more sensitive than male rats on hypolipidemic effect of capsaicinoids.
Introduction
Chili is the major source of nature capsaicinoids, which consists of capsaicin, dihydrocapsaicin, nordihydrocapsaicin, homodihydrocapsaicin, and homocapsaicin, etc. Snitker S. et al. [1] had reported that treatment with 6 mg/d capsinoids orally appeared to be safe and was associated with abdominal fat loss. Recently studies have shown that protective effect of dietary capsaicinoids on gastric mucosa may relate to the increase of gastric mucosal blood flow (GMBF) [2] , promote gastric motility [3] , regulate gastric acid and stimulate the secretion of prostate E1 [4, 5] . Furthermore, a host of beneficial physiological effects have been brought to the fore by extensive animal studies, such as anti-inflammatory potential [6] , antioxidant property [7] , anti-carcinogenic [8, 9] and regulation of blood pressure [10] . Capsaicinoids have also been proposed for use in strategies for weight loss and weight maintenance [11] .
Cholesterol lowering through the consumption of capsaicinoids draws much attention lately. Much evidence indicates that the decrease of triglyceride concentration in plasma and liver by capsaicinoids may relate to body fat oxidation increasing [12] [13] [14] . However, little is known about the effect of capsaicinoids on cholesterol metabolism. Srinivasan K et al. [15] reported that the activity of hepatic cholesterol-7 alpha-hydroxylase (CYP7A1), the rate-limiting enzyme of bile acid biosynthesis, were significantly elevated by capsaicin, bile acid biosynthesis increasing; the concentration of cholesterol in plasma and liver increased also. It may due to capsaicin that increased the cholesterol biosynthesis in liver and/or intestinal absorption of cholesterol in rats. Manjunatha and Srinivasan [12] had demonstrated that administered capsaicin significantly lower the hepatic cholesterol concentration in rats fed cholesterol-free diet, but no effect in those fed high cholesterol diet. They [16] had also reported that administration of capsaicin slightly lowered the concentration of cholesterol in plasma and liver in rats fed high fat diet containing 30% fat. However, some studies had shown a significant decrease in plasma total cholesterol (TC) concentration in rats fed 0.015% capsaicin, but little effect in rats fed high cholesterol diet [17, 18] . Taken together, capsaicin has significant effect on enhancing fat oxidation and lowering cholesterol concentration in plasma, but it is still unclear for the effect of capsaicin on cholesterol metabolism. The liver plays a major role in cholesterol metabolism, including cholesterol synthesis, bile salt homeostasis, plasma protein synthesis, hormone production, and detoxification. Miller et al. [19] had reported that dihydrocapsaicin conjugated liver microsomes protein both in vitro and in vivo studies, the nonreversible conjugation may influence the activity of metabolic enzyme in the liver and the function of detoxication. Abdel et al. [20] had demonstrated that capsaicin could be detected in bile and administration of capsaicin reduces bile flow and biliary proteins in rats. Capsaicin also increased the amount of cholesterol in bile acids and the ratio of cholesterol/phospholipid [21] . All in above have shown that the potential effect of capsaicinoids on cholesterol metabolism, but it is still unclear the mechanisms of cholesterol lowering effect of capsaicinoids.
In the trial of lipid-lowering, there were significant differences in effect of garlic oil between men and women for HDL cholesterol (HDL-C) and TC/HDL-C. Women showed favorable effects in terms of coronary heart disease (CHD) risk factors, whereas men had small adverse effects [22] . Furthermore, many studies have also shown sex differences in the experimental capsaicin model for trigeminal sensitization, pain perception, anxiety and hyperalgesia, and female more sensitive than male [23] [24] [25] [26] . Summarize, we guess there were sex differences in the action of capsaicinoids on cholesterol levels of rats.
Therefore, the aim of the present study was to evaluate the effect and mechanism of capsaicinoids on cholesterol metabolism in different sex rats. We used a cholesterolfree diet to eliminate the possibility of related diet effects on cholesterol metabolism in rats.
Methods and Materials

Test Materials
Capsaicinoids, containing 355.42 g/kg capsaicin and 592.74 g/kg dihydrocapsaicin, was purchased from (Henan Bis-biotech Co., Ltd, Henan, China). All the commercial solid diets were purchased from Chongqing Tengxin Inc. (Chongqing, China).
Animals and Diets
This study was approved by the Laboratory Animal Care Committee of Southwest Univ. Rats were maintained in accordance with the Guidelines for the Care and Use of Laboratory Animals of Southwest Univ.
Four-week-old male and female Sprague-Dawley [Crl:CD(SD)] rats (Chongqing Tengxin Inc., Chongqing, China) were used in this experiment. The rats were housed individually in screen-bottomed, stainless steel cages in a room maintained at 25˚C ± 1˚C with a 12-h light/12-h dark cycle (light, 0800 to 2000 h). Rats were acclimatized by feeding a commercial solid diet (Chongqing Tengxin Inc., Chongqing, China) (Table 1) for 7 d. After acclimation, 24 rats of each sex were selected and randomized to control and test groups (n = 6/group) based on animal body weight gain. Groups of four animals were daily treated by gavage (1 ml/100g/d) with capsaicinoids at 0, 2.5 mg/kg, 5 mg/kg or 7.5 mg/kg respectively at 15:00. The animals in the control group received equivalence rapeseed oil instead. Rats were given free access to food and water over 28 d.
Sampling and Analytical Procedures
Food intake was recorded daily and body weight was measured every three days. On the last day of the experimental period, a blood sample was collected from the neck at night (19:00 to 23:00 h) under a light ether anesthesia. The blood was collected into a tube (Vacutainer, Liuyang City Medical Instrument Factory, Henan, China) containing heparin as an anticoagulant. Serum was separated by centrifugation at 1400 g at 4˚C for 15 min, and stored at −80˚C until analysis. The liver was then immediately perfused with cold saline (9 g NaCl/L), removed, washed with cold saline, blotted dry on filter paper, weighed, frozen in liquid N 2 and stored at −80˚C until further analysis. Next the ileum was removed, the contents of the ileum were washed by flushing ice-cooled saline, blotted dry on filter paper, weighed, frozen in liquid N 2 and stored at −80˚C until further analysis.
Chemical Analysis
The concentrations of TC, triglyceride (TG), LDL-C and HDL-C in the plasma were determined enzymatically using commercial diagnostic kits (Beihai biotechnology, Shanghai, China). Liver lipids were extracted with chloroform:methanol (2:1, v/v) according to the method of Folch and others [27] . The liver total lipid content was determined gravimetrically after extraction. The concentrations of liver TC and TG were determined enzymatically (Beihai biotechnology Co. Ltd., Shanghai, China) as described elsewhere [28] .
RNA Extraction from Liver and Ileum and RT-PCR Analysis of Gene Expression
Total RNA was extracted from frozen livers or ileums in accordance with the method described by Chomczynski and Sacchi [29] . RNA integrity was verified by agarose gel electrophoresis after purification of the mRNA using Oligotex-dT30 (Takara Bio, Dalian, China). One microgram of purified mRNA was used for cDNA synthesis using reverse transcriptase (TaKaRa Biotechnology (Dalian) Co., Ltd., Dalian, China) accordance with the manufacturer's instructions. Expression of the mRNAs for hepatic transient receptor potential vanilloid 1 (TRPV1), cholesterol 7α-hydroxylase (CYP7A1), farnesoid X receptor (FXR), 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase, ileac apical sodiumdependentbile acid transporter (ASBT) and ileum bile acid binding protein (IBABP) were determined by realtime monitoring of PCR using a Light Cycler instrument (Roche Diagnostics, Mannheim, Germany). cDNA (2 μl) was amplified in a total volume of 20 μl using the SYBR Premix Ex Taq (TaKaRa Biotec Ⅱ hnology (Dalian) Co., Ltd., Dalian, China) and specific primers at 0.4 μM each. The reaction mixture was incubated for an initial denaturation at 95˚C for 30 s, followed by 40 cycles at 95˚C for 5 s and 60˚C for 20 s. The sequences of the gene-specific primers (Sangon Biological Engineering, Shanghai, China) used in the study are listed in Table 2 .
Statistical Analysis
The results were reported as mean ± SD. Variance analysis was established by one-way ANOVA. Significant differences between pairs of groups were calculated using Duncan's multiple range tests with significance level reported at P ≤ 0.05, as indicated. All the statistical analyses were conducted using the SPSS for Windows 12.0 software (SPSS, Chicago, IL, USA).
Results
In male rats, body weight gain was significantly decreased as the gavage dose of capsaicinoids increased (Table 3) , the concentration of TC, HDL-C, LDL-C and TG in plasma were not differ significantly, while in female rats, body weight gain was not affected by the capsainoids dose. Food intake was essentially similar in all groups both in male and female rats, treatment with 2.5 mg/kg·d capsainoids orally in male rats excepted. In female rats, the concentration of plasma TC and HDL-C lowered significantly without dose-dependent manner, LDL-C and TG concentration lowered significantly as the dose of capsainoids increased.
Liver weight decreased as the dose of capsainoids increased in all animals ( Table 4) , although the differences were not significant in male rats groups. Total lipids, total cholesterol (r male = −0.948, P male = 0.052, r female = −0.989, P female = 0.012) and triglycerides (r male = −0.911, P male = 0.089; r female = −0.980, P female = 0.020) concentrations in the liver were decreased as the dose of capsainoids increased both in male and female rats. The amount of total cholesterol (P < 0.05) and triglycerides (P < 0.01) significantly lower than control group in female rats with the dose of 7.5 mg/kg capsainoids.
The mRNA levels of hepatic TRPV1 (r male = 0.975, P male = 0.025; r female = 0.991, P female = 0.009), ileac ASBT and IBABP were increased as the dose of capsainoids increased in all animals groups ( Table 5 ). The mRNA Rats were fed different dose of capsainoids for 28 d. 2 Results are expressed as the mean ± SD, n = 6. Means with different superscript letters are significantly different among the rats (P < 0.05). levels of hepatic HMG-CoA reductase, CYP7A1 and FXR were significantly decreased in female rats fed capsainoids.
Discussion
Sex difference of dose-dependent effect of capsainoids on cholesterol and bile acid metabolism was studied in rats, males being less sensitive than females to all doses of capsainoids on hypolipidemic effect, especially the concentration of TC, HDL-C, LDL-C and TG in plsama were decreased significantly in female rats, so we mainly take female rats as examples to discuss what mechanism underline the hypolipidemic effects.
With the increase of capsainoids dose, the gain in body weight of male rats was significantly lowerd and females not, which is consistent with previously published studies that weight gain of rats decreased significantly in male rats fed with high-fat diet with capsaicin treatment [30] . It is also reported that the intake of capsaicin augment energy expenditure and enhance fat oxidation and may aid weight management [31, 32] . The food intake was essentially similar in various capsainoids fed groups and control group both in male and female rats, treatment with 2.5 mg/kg·d capsainoids orally in male rats excepted. These findings stating that the consumption of capsainoids has little influence on appetite and food intake in male and female rats.
Total cholesterol concentrations in plasma and liver were lowerd after capsainoids administration compared with control group, there were significant differences in female rats. The primary change in cholesterol metabolism in the female rats may be due to its biosynthesis, degradation, absorption, excretion, distribution transport, or other mechanisms. Several animals studies have also shown that capsainoids reduces plasma and hepatic cholesterol concentration [12, [33] [34] [35] , the mechanism of this hypocholesterolemic effect of capsainoids remains unclear. However, in this study, this effect of capsainoids in the female rats must involve changes in endogenous sterol metabolism because test diets were not supplemented with cholesterol. Our datas indicating that the level of hepatic HMG-CoA reductase mRNA, the ratelimiting enzyme in the cholesterol synthesis, was significantly decreased in capsainoids treated female rats. Lipoprotein cholesterol synthesis would be inhibited by decreased free cholesterol concengtration in the liver, the amount of LDL-C transported to plasma decreased finally.
In rats, the classic pathway is the only pathway in which cholesterol is utilized in cholalic acid synthesis [36] . The first rate-limiting enzyme in the classic pathway is CYP7A1. CYP7A1 plays a central role in the regulation of bile acid and cholesterol metabolism, and transcription of the gene is controlled by bile acids and hormones acting through a complex interaction with a number of potential steroid-hormone-binding sites. In this study, the mRNA level of CYP7A1 is significantly lower in rats fed the capsainoids diet compared with control group. However, some studies have shown a significant increase in CYP7A1 activity in rats fed capsaicin [15] . This discrepancy may be explained by different dose of capsainoids, or the amount of lipids in diets. In current study, we used a cholesterol-free diet. There was no supernumerary free cholesterol for synthesis of bile acids in the liver when ectogenous cholesterol deficiency and synthesis of endogenous cholesterol was suppressed, so the mRNA level of CYP7A1 decreased finally.
Bile acids are the end products of cholesterol metabolism. Bile acids synthesis decreased due to total cholesterol levels in the liver reduced, and secreted via bile into the intestine decreased, new synthesis of cholesterol in bile acid pool reduced, the amount of bile acids return to the liver must be increased to complete their enterohepatic circulation. Thus, the activity of ileal ASBT and IBABP, key role of enterohepatic circulation, increased in ileum tissue, while the activity of FXR and CYP7A1 significantly decreased in the liver. Bile acid concentrations are controlled by a feedback regulatory pathway whereby activation of FXR represses transcription of both the CYP7A1 gene, encoding the rate-limiting enzyme in the classic bile acid synthesis pathway, and the CYP8B1 gene, required for synthesis of cholic acid. FXR-activating ligands induce the mRNA expression of ASBT in rat and inhibit in rabbit, but no effect on human being [37] . FXR conjunted with ligands to up-regulate ileac IBABP and BSEP transcription and stimulate the transportation of bile acids from small intestine to liver. In current study, the mRNA levels of ileac ASBT and IBABP increased in ileum tissue, while the mRNA levels of hepatic FXR and CYP7A1 significantly decreased in the liver. The current results suggest capsaicinoids increased the amounts of bile acids returning to liver for redeeming the deficiency of bile acids synthesized in liver. The increase of the amounts of bile acids in enterohepatic circumfluence would reduce the fecal excretion of bile acids. Unfortunately, bile acids and sterols in fecal excretion did not be measured in current study. Nalini et al. [21] earlier demonstrated that the levels of fecal bile acids and neutral sterols in fecal excretion were significantly decreased in capsaicin administered rats.
The capsaicin receptor, known as transient receptor potential vanilloid subfamily member 1 (TRPV1), is an important membrane receptor that has been implicated in obesity, diabetes, metabolic syndrome and cardiovascular diseases. It is reported that activation of TRPV1 by capsaicin prevents adipogenesis and lower the level of triglyceride in plasma and liver [38] . In our study, the level of hepatic TRPV1 (r male = 0.975, P male = 0.025; r female = 0.991, P female = 0.009) mRNA increase as the does of capsainoids increased, although there was no significant difference in male rats. We also found that the level of hepatic HMG-CoA reductase mRNA, FXR mRNA and CYPYA1 mRNA decreased corresponding to the increase of the level of hepatic TRPV1 mRNA in female rats. Calcium ions play a central role in many cellular processes including transmitter release, cell proliferation, gene transcription, and cell death [39, 40] , so we conjecture the mechanism of hypocholesteremic effect of capsainoids is that capsaicin-induced Ca 2+ concentration change through TRPV1 channels may affect enzymatic activity and expression of cholesterol metabolism genes, such as HMG-CoA reductase, CYP7A1, FXR, in the liver. Nevertheless, the mechanism of capsainoids cholesterol-lowering effects need to be further explored.
Conclusion
In conclusion, the dose-dependent effect of capsainoids lowered plasma and liver cholesterol concentration differently in male and female rats. Female was sensitive to capsainoids. The results provided only limited support to the hypothesis that gender different in hypolipidemic of capsainoids could be explained by inhibited endogenous cholesterol synthesis and increased reflux of bile acids in female rats.
